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COMPLETE SPECIFICATION 



Improvements m or relating to 
Layer on the Surface of 

We, Siemens Aktiengesellschaft^ a 
German Company of Berlin and Munich, Ger- 
many, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in and 
by the following statement: — 

The present invention relates to die pro- 
duction of a protective layer on the surface 
of a semiconductor body, for example a semi- 
conductor component. 

It is usual to provide the surface of a semi- 
conductor component with a thin protective 
layer of silicon oxide. This protective layer 
is frequently required during the manufac- 
ture of the semiconductor component, for ex- 
ample where the so-called planar technique 
is used, in order to enable a localised dif- 
fusing-in of doping substances from the gas 
phase into the semiconductor crystal to be 
carried out. Silicon dioxide layers, as is 
known, have the property that they are im- 
penetrable to a number of the usual doping 
substances. Consequently, such a protective 
layer can be used as a mask. Recendy, silicon 
nitride layers have been used as additional 
protective layer materials. 

If a protective layer of SiO- is to be 
produced at the surface of a silicon crystal, 
then it is possible to obtain this protective 
layer very simply, by the oxidation of the 
semiconductor surface. It is considerably more 
difficult to nitride the semiconductor surface 
in order to produce a silicon nitride layer. 
With other semiconductors, for instance with 
germanium, it is necessary to deposit the 
material of the protective layer, if this is to 
be of Si0 2 or Si 3 N 4 , from the gas phase, 
i.e. by the thermal conversion of a reaction 
gas, e.g. at the heated surface of the semi- 



the Production of a Protective 
a Semiconductor Body 

conductor crystal. A number of reaction gases 
are known which can be used to manufacture 
an Si0 2 -layer. Several processes have also been 
proposed for the manufacture of a protective 
layer of Si s N 4 at the surface of a semicon- 
ductor crystal. 

One such process is described in our co- 
pending Application No. 19594/67 (Serial 
No. 1,134,964). This process for the manu- 
facture of a protective layer of a silicon or 
germanium nitride on a surface of a semicon- 
ductor crystal, preferably consisting of silicon 
or germanium, or an A llr B v -compound, by the 
thermal deposition of the silicon ox germanium 
nitride from the gas phase, is characterised 
by the use of a reaction gas which consists of 
of contains a metal-free volatile compound 
containing nitrogen and silicon or germanium 
which on heating decomposed to form the re- 
quired nitride. Our co-pending Application 
No. 19916/67 (Serial No. 1,134,352) pro- 
poses a further process. This Application re- 
lates to a process for the manufacture of a 
protective layer of a nitride of one of the 
semiconductor elements, silicon, germanium 
and boron, on a surface of a semiconductor 
crystal from a reaction gas at the heated sur- 
face of the crystal, wherein the reaction gas 
comprises (a) an at least partially halogenated 
hydride of the semiconductor element in which 
free hydrogen atoms may be substituted by 
alkyl and/or aryl groups and/or amino or 
alkylamino groups, or a halogenated or alkyl- 
amino halogenated silazine, or a corresponding 
compound of germanium or boron, and (b) a 
volatile nitrogen-hydrogen compound in which 
the hydrogen atoms may be at least partially 
substituted by alkyl and/or aryl groups, and 
wherein the components (a) and (b) of tfie 
reaction gas are mixed to form the reaction 
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gas only immediately adjacent to the heated 
surface of the semiconductor crystal. 

It has already been proposed, to use pro- 
tective layers of both silcon nitride and silicon 

5 oxide at the surface of a semiconductor body. 
By the use of at least two protective layers 
arranged above one another, of which at least 
one consists of silicon dioxide and at least 
one of silicon nitride, the advantages of both 

10 protective layers, namely the low term density 
of an SiO-2 layer and the good masking 
action of an Si 3 N 4 -layer against ion migra- 
tion from the layer surface, can be combined. 
One possibility for the production of such 

15 a protective layer at the surface of a crystal 
consisting of silicon, is first to thermally oxi- 
dise the silicon surface to form a silicon di- 
oxide layer, and then to deposit a sihcoiv nit- 
ride layer from the gas phase onto the silicon 

20 oxide layer, for instance using the process 
previously described. On the other hand, it is 
possible to first use a reaction gas which 
is suitable for the deposition of the silicon 
nitride layer and then to replace this reaction 

25 gas later by a reaction gas which is suitable 
for the deposition of a silicon dioxide layer. 

As the reaction gas for the manufacture of 
a silicon dioxide layer, a mixture of SiCl* 
and water vapour (possibly diluted with an 

30 inert gas), or a mixture of inert gas and tetra- 
ethox^silane (Si (OC,H 5 ) 4 can, for example, 
be used, whilst for the production of the sili- 
con nitride layer the methods described m the 
Applications mentioned previously; can be 

55 used, or a mixture of silane (S1H4) and am- 
monia can be used. . 

According to the present invention, there 
is provided a process for the formation of a 
protective coating on at .least a part of the 

40 surface of a semiconductor body by depositing 
at least one layer consisting of silicon dioxide 
and at least one layer consisting of silicon 
nitride at the surface of the semiconductor 
body from the gas phase, the layers being 

45 deposited immediately on one another, where- 
in during the entire formation process a reac- 
tion gas capable of depositing a coherent layer 
of silicon nitride on the semiconductor body 
is present, and wherein during a part only 

50 of the total formation process there is added 
to said reaction gas, an oxygen-containing gas 
or gases capable of reacting with the other 
gases present to deposit a layer of silicon 
dioxide in a concentration such that during 

55 said part of the formation process, a cohesive 
layer of silicon dioxide is deposited on the 
semiconductor body, whereby at least one 
cohesive layer of silicon nitride and at least 
one cohesive layer of silicon dioxide are de- 

60 posited on said semiconductor body at the 
same position on the surface thereof. 

The process in accordance with the inven- 
tion has the advantage, in comparison to that 
hitherto u*ed, that no change of the active 

65 components of the reaction gas, or of the 
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carrier gas, is necessary, and that the change 
from nitride deposition to oxide deposition can 
be obtained simply by the addition 01 a 
further gaseous component or components 
which is or are free from doping compon- 
ents or indeed components which have 
a contaminating action, and, after removal 
of the further component or components from 
the reaction gas, the deposition of silicon di- 
oxide can again be changed over to the de- 
position of silicon nitride. The occurrence of 
additional components in the reaction gas used 
for the deposition of the silicon dioxide layer, 
which components might cause damage to 
silicon nitride layers to be deposited subse- 
quendy, and which could thus later have a 
disadvantageous effect during the deposition 
of the silicon nitride layer, is thus avoided 
in the process in accordance with the in- 
vention. , t . _ 

If it is remembered that the bond energy 
of Ac si— N bond is 105 Kc/mol, but that 
of the Si— O bond is 192 kc/mol and thus is 
almost twice that of the former, it becomes 
obvious that oxygen is able, with appropri- 
ate activation, to break the nitrogen-silicon 
bond and to take the place of the nitrogen. 
The selection of the concentration of the oxy- 
gen, water vapour, or other reaction gas- cap- 
able of liberating oxygen to the silicon, and 
which is to be added to the reaction gas for 
the purpose of depositing silicon dioxide, can 
thus be effected without difficulty. 

Owing to the much high affinity of oxygen, 
at temperatures of approximately 1200 G 
and in the presence of sufficient quantities of 
oxygen and/or water vapour and/or of com- 
pounds splitting off oxygen or water-vapour, it 
is possible, even where a reaction gas is pre- 
sent whose active component has already pre- 105 
viously been provided with a Si— N bond, to 
produce pure SiO ? layers which no longer 
contain silicon nitride. 

The following substances are of particular 
importance for use as the reaction gas: sil- 110 
anes, for instance SiH 4 or halbgenated silanes, 
for instance SiCU, or alkyl silanes, or aryl 
silanes, which are mixed with ammonia or 
another gaseous or readily volatile compound 
containing hydrogen and nitrogen, such as a 115 
volatile amine, if desired, in admixture with 
an inert carrier gas, such as argon ox nitro- 
gen. The substances described in the previ- 
ously mentioned Applications Nos -19594/67 
(Serial No. 1,134,964) and 19916/67 (Serial 120 
No. 1,134,352) can also be used, for example 
silazones or aminosilanes, which already in- 
herently contain an Si— N bond. All tfiese 
substances have, for instance, pure oxygen 
and/or water vapour and/or carbon dioxide, 125 
if desired, in admixture with hydrogen, added 
to them, in order to obtain deposition of sili- 
con dioxide instead of the deposition of the 
silicon nitride currently being effected. In 
particular, if a multiple alternation of silicon 130 
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nitride and silicon dioxide layers is to be 
obtained, it is advantageous to operate with 
a flowing reaction gas. One of the usual 
epitaxy systems or a tube furnace can be used 
5 as the apparatus for carrying out the process. 
The invention will now be further des- 
cribed with reference to the drawing, which 
shows in schematic side section one form of 
apparatus suitable for carrying out a process 
10 in accordance with the invention. 

Referring to the drawing, a reaction vessel 
1 made of quartz is provided with an inlet 
line 2 and an outlet line 3 for the reaction gas 
used. Semiconductor plates 5 which are to 

15 be provided with a protective layer, for ex- 
ample semiconductor components,, are placed 
within the vessel 1, for example, as shown, 
on the floor thereof. The compound or com- 
pounds to be used for the manufacture of the 

20 silicon nitride layers, in admixture with an 
inert gas, for instance nitrogen, flows into 
the vessel 1 from, a supply vessel 4 through 
the line 2. In order to heat the plates 5, a 
heating device, for example, as shown in 

25 the drawing, an electric heating plate 6, is 
provided which, as in the. case of the example 
illustrated, can be arranged outside the reac- 
tion chamber. The temperature to be used 
is adjusted in accordance with special con- 

30 sidcrations connected, in particular, with the 
phase of the manufacturing process under con- 
sideration. For instance, silicon monocrystals 
to be provided in accordance with the inven- 
tion with a protective coating for the purposes 

35 of a subsequent diffusion step, can be exposed 
to far higher temperatures (650 to 1200° C) 
than can completed semiconductor componen- 
ents which are to be given a final coating with 
the protective layers. If it is desirable to oper- 

40 ate with particularly low temperatures, then 
the reaction gas may be activated at the sur- 
face of the semiconductor crystal to be coated 
by means of a low temperature electrical gas 
discharge, for instance, a glow discharge. 

45 A further supply vessel 7 is provided for 
the silicon oxide deposition which, for ex- 
ample, contains oxygen which can be added 
at will to the reaction gas flowing from the 
container 4 into the reaction vessel 1. 

53 Descriptions of the manufacture of the sili- 
con nitride layer can, for example, be found 
in our co-pending Applications Nos. 19594/ 
67 (Serial No. 1,134,964) and 19916/67, 
(Serial No. 1,134,352) previously mentioned. 

55 The conditions described therein can also be 
used for the deposition of the silicon nitride 
layers in the process of the present invention, 
and can be used without any modification. 
If, instead of the silicon nitride layers, sili- 

C0 con dioxide layers are required, then it is 
merely necessary to add the appropriate quan- 
tity of oxygen-containing or yielding gas to 
the reaction gas, whilst the other deposition 
conditions remain unchanged. The necessary 

65 quantities are determined on the basis of 



stoichiometric considerations, which naturally 
lead to slightly different results, depending 
upon the type of reaction gas to be used. Nor- 
mally, however, careful measuring of the 
oxygen content is. not necessary, since the 70 
gases in question are used in a highly dilute 
state and it is not difficult, to obtain an excess 
of oxidising gas. 

By a more or less rapid cutting off of the 
supply of the oxidising components, the 7f 
changeover from oxide to nitride layers and 
vice-versa can be effected slowly or abrupdy. 

The protective coatings consisting partially 
of silicon dioxide and partially of silicon nit- 
ride, formed by the process of the invention 80 
on the surface of a semiconductor body, are 
able to effectively protect the semiconductor 
surface from the: electrical point of view, e.g. 
against disturbing influences from the atmo- 
sphere. Such protective coatings possess a 85 
further use as diffusion masks in the produc- 
tion of semiconductor arrangements, in par- 
ticular using the planar technique. In carry- 
ing out a production process of this kind, 
the semiconductor surface is covered with a 90 
layer of silicon dioxide ^SiO-) and/or a layer 
of silicon nitride (Si 3 N 4 ) and one or more 
windows extending through to the. semicon- 
ductor surface are produced or left free in the 
protection layers. The semiconductor surface 95 
prepared in this way is then exposed to the 
effects of a doping gas, for example to the 
effects of boron or phosphorus vapour. Whilst 
these doping materials can without difficulty 
penetrate at the exposed part of the surface 100 
into the interior of the semiconductor body 
and there produce the desired doping effect, 
this is impossible at the portions of the semi- 
conductor surface masked with the protective 
coating. Layers of silicon dioxide (SiCK) or 105 
silicon nitride (Si 3 N0 have a definite limiting 
effect on the penetration of the doping material 
into the parts of the semiconductor surface 
masked by them, even when the thickness of 
the protection layers is only a few microns. 110 
A silicon: nitride layer is generally more effec- 
tive is preventing doping materials from pene- 
tration into the masked semiconductor layer, 
than a silicon dioxide layer. On the other 
hand silicon oxide layers in the finished semi- 113 
conductor arrangement possess: a better pro- 
tective action. For this reason, the combined 
use of protective layers of silicon dioxide and 
silicon nitride is extremely useful, the other 
layer, however, generally being a silicon di- 120 
oxide layer. After the production 
of the silicon nitride layer, it is however, 
necessary in each case to etch into this layer 
the windows necessary for the diffusion. How- 
ever, the silicon nitride produced above 800° 125 
C can be etched only with known etching 
means which will also attack and destroy an 
etching mask consisting of a photolacquer 
or the like. A further layer consisting of sili- 
con dioxide (SiO : ) is therefore applied on the 130 
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silicon nitride layer. On this layer is deposited 
a mask of photolacquer and then at the re- 
quired diffusion windows, the SiO^ layer is 
etched away as far as the nitride layer be- 
neath, and then, in a further operation, the 
SiO . mask so formed is used for the localised 
etching of the Si : :N.,-laycr situated beneath 
it, using hot orthophosphoric acid as etching 

means. . . 

Thus, initially, a Sj-N*-Iayer is deposited 
and then on this a SiO-layer is deposited, the 
surface of the SiO-layer is covered with a 
photolacquer, this photo-lacquer is locally ex- 
posed to light and developed so as to expose 
the surface of the SiO-layer at the posi- 
tion or positions where a diffusion window or 
windows is or are to be formed, the surface 
of the Si0 2 -layer so exposed is etched down 
to the Sir.N 4 -layer, using an etching means 
capable of dissolving Si0 2 and which does 
not destroy the photolacquer layer, and the 
parts of the surface of the Si 3 N. 1 -layer so 
exposed are etched away as far as the semi- 
conductor surface by means of hot phosphoric 
acid at the positions not protected by the 
remaining parts, of the SiO^-layer. 

The protective coating mask produced in 
this way is used in the usual way as a diffusion 
mask in the production of crystal diodes, tran- 
sistors and other semiconductor components, 
in particular in accordance with the planar 
technique. 

WHAT V/E CLAIM IS: — 

1. A process for die formation of a protec- 
tive coating on at least a part of the sur- 
face of a semiconductor body by depositing at 
least one layer consisting of silicon dioxide 
and at least one layer consisting of silicon nit- 
ride at the surface of the semiconductor body 
from the gas phase, the layers being deposited 
immediately on one another, wherein during 
the entire formation process a reaction gas cap- 
able of depositing a coherent layer of silicon 
nitride on the semiconductor body is present, 
and wherein during a part only of the total 
formation process there is added to said re- 
action gas, an oxygen-containing gas or gases 
capable of reacting widi the other gases pre- 
sent to deposit a layer cf silicon dioxide in a 
concentration such that during said part of 
the formation process, a cohesive layer of 
silicon dioxide is deposited on the semicon- 
ductor body, whereby at least one cohesive 
layer of silicon nitride and at least one co- 
hesive layer of silicon dioxide are deposited 
on said semiconductor body at the same posi- 
tion on the surface thereof. 

2. A process as claimed in Claim 1 wherein 
oxygen and/or water-vapour and/or a sub- 
stance or substances which will form oxygen 
or water-vapour at elevated temperature, is or 
are added to the reaction gas to form said 
silicon dioxide layer or layers. 
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3. A process as claimed in Claim 1 or 
Claim 2 wherein the reaction gas consists of 
or includes silazone or aminosilane, or a mix- 
ture of silane, a halogenated silane, an alfcyl 
silane, or an aryl silane, with a gaseous or 
volatile nitrogen compound. 

4. A process as claimed in Claim 3, where- 
in said nitrogen compound is ammonia, or a 
volatile amine. 

5. A process as claimed in any one of the 
preceding Claims, wherein the deposition of 
said layers from the gas phase is effected by 
heating the semiconductor body. 

6. A process as claimed any one of Claims 
1 to 4, wherein the reaction gas is activated 
by means of a low temperature electrical gas 
discharge. 

7. A process as claimed in Claim 6, wherein 
said electrical gas discharge is a glow dis- 
charge. 

8. A process for the formation of a pro- 
tective coating on at least a part of the surface 
of a semiconductor body substantially as here- 
inbefore described with reference to the 
drawing. 

9. A process as claimed in any one of the 
preceding Claims, wherein the protective coat- 
ing also serves as a diffusion mask, and 
wherein initially a layer of silicon nitride is 
deposited on the surface of the semiconductor 
body, a layer of silicon dioxide is deposited 
on this layer, a layer of a photolacquer is de- 
posited on the silicon dioxide la3*er, the photo- 
lacquer layer is locally exposed to light and 
developed so as to expose the surface of the 
silicon dioxide layer at the position or posi- 
tions where a diffusion window or windows AUU 
is or are to be formed, the silicon dioxide 
layer so exposed is etched away down to the 
silicon nitride layer using an etching means 
capable of dissolving silicon dioxide but 
which will not destroy the photolacquer layer, 105 
and the silicon nitride layer so exposed is 
etched away down to the semiconductor sur- 
face using hot _ phosphoric acid as etching 
medium, at the part or parts not protected by 

the residual silicon dioxide layer. HO 

10. A semiconductor body hav»r?g a protec- 
tive coating on at least a part of die surface 
thereof formed by a process as claimed in any 
one of Claims 1 to 9. 

11. A semiconductor component having a 115 
protective coating on at least a part of the 
surface thereof formed by a process as claimed 

in any one of Claims 1 to 9. 



For the Applicants, 
G. F. REDFERN & CO., 
St. Martin's House, 177, Preston Road, 

Brighton, BN1 6BB, Sussex, and 
Chansitor House, 38 Chancery Lane, 
London, W.C.2. 
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COMPLETE SPECIFICATION 

This drawing is a reproduction of 
the Original on a reduced scale 




3NSDOCID: <GB 1 164418A_I_> 



/ > 



V 



THIS PAGE BLANK (uspto) 



